Rhizobium species are involved in symbiotic relationship which can be exploited in agriculture to enhance crop and pasture growth without the addition of nitrogen fertilizers. However, a number of environmental factors are known to affect the symbiotic efficiency of Rhizobium. This current study evaluated tolerance of Rhizobium species isolated from root nodules of cowpea obtained from Akure, Nigeria to variation in temperature, pH levels, salt concentrations, heavy metals as well as antibiotics. Three Rhizobium species were isolated from root nodules of Vignaunguiculata and Phaseolus vulgaris after 34 days of planting yeast extract mannitol agar (YEMA). Their tolerance to environmental factors such as temperature, pH, sodium chloride, heavy metals as well as antibiotics was determined. All the isolates grew very well at 28 o C, moderately at 37 o C but their growth was hampered at 50 o C. Maximal growth was observed at neutral pH. However, Sinorhizobium sp showed high tolerance to pH 7.0. Also, the isolates showed high tolerance to low concentration of sodium chloride (0.1%) and heavy metals with reduction in their optical density at higher concentrations. Rhizobium sp showed high level of tolerance at 4% compared to Mesorhizobium sp. and Sinorhizobium sp. Rhizobium spp. showed resistance to all the antibiotics investigated while Mesorhizobium sp. was sensitive to only to pefloxacin and sparfloxacin, while Sinorhizobium sp. was only sensitive to pefloxacin. The isolates in this study can be assessed for their suitability as inoculants forcowpea in soils below temperature 50 o C and at neutral pH.
Introduction
Rhizobium species are among unique soil bacteria which have beneficial effects on the growth of plants (Willey et al. 2011) . They either live in the rhizosphere or rhizoplane of the soil or also are majorly found within the root nodules of host legumes where they help convert atmospheric nitrogen to ammonia and provides organic nitrogenous compounds to the plants (Al-Mujahidy et al. 2013 , Bhattacharya et al. 2013 , Shoukry et al. 2013 . The nitrogen-fixing symbiotic relationship has been exploited in agriculture to enhance crop and pasture growth without the addition of nitrogen fertilizers affirmed by Zahran et al. (2012) .
Characterization of indigenous populations of rhizobia for their resistance to adverse or harsh environmental factors is important before their selection for nursery inoculation (Singh et al. 2008) . Tolerance tests are usually performed in vitro exposing the strains to adverse conditions that mimic those that naturally occur in the soil (Miguel and Moreira 2001 , Nóbrega et al. 2004 , Medeiros et al. 2007 , Xavier et al. 2007 , Chagas Júnior et al. 2010 . Slight variation in pH of the medium might have significant effects on the growth of the organism and extremes pH can be a major factor limiting microorganism in soil (Singh et al. 2008 ). Deora et al. (2010) reported that Rhizobium grew best at neutral pH 7.0 and no growth was observed in medium with pH 4.0 and 9.0. However, some strains of fast-growing rhizobia such as Rhizobium loti, R. trifolii and R. tropici, have been found to be highly acid-tolerant.
Salinity is one of the major factors restricting the symbiotic nitrogen fixation and known to significantly reduce nodulation in legumes as opined by Shetta et al. (2011) . Increasing salt concentration may have detrimental effects on rhizobia population while salt tolerant rhizobia may have the potential to improve yield of legumes under salinity stress. Survival and growth in saline environments are the result of adaptive processes, such as ions transport and osmotic solute synthesis and accumulation, which lead to osmotic adjustment and protein turnover for cellular repair (Mabrouk et al. 2012) . High salt can directly impair rhizobia-legume early interactions during nodule formation and development. It is known that salt stress significantly alters the Rhizobium-legume symbiosis by reducing plant growth and photosynthesis, and hence nitrogen demand thus, decreasing survival and proliferation of rhizobia in the soil or by inhibiting early symbiotic events, such as chemotaxis and root hair colonization, thus directly interfering with root nodule function as explained by Irum et al. (2009 ). Singh et al. (2008 also reported that Rhizobium cells were able to grow in 1% NaCl containing medium but were unable to grow in higher concentrations. Rhizobium strains from arid and saline areas are highly salt-tolerant and withstand high NaCl levels up to 5-10% as noted by Al-Shaharani et al. (2011) and Shetta et al. (2011) .
Alexandre and Oliveira (2012) as well as Boboye et al. (2012) observed that Rhizobium strains grew best at 28 and 30°C after 3 to 7 days of the incubation. About 90% of cowpea Rhizobium strains, obtained from hot and dry environments of the Sahel Savannah grew well at 40°C while R. phaseoli strains persisted at 45°C (Zahran et al. 2012 ). The lowest R. meliloti populations were present in the soil with the highest concentration of heavy metal. However, rhizobia from Vieia faba cultivated in sewage sludge contaminated soils, were highly resistant to zinc and lead at concentrations of 650 and 350 ppm respectively. Similarly, metal-resistant symbiont; Mesorhizobium metallidurans has been identified from the legume Anthyllis vulneraria growing on metallicolous soil in France as confirmed by Vidal et al. (2009) .
Antibiotic tolerance is of particular importance in all soil conditions because it is one of the mechanisms rhizobia can use to overcome the antagonism exerted by other organisms in the soil, including several genera of Actinobacteria, among others (Moreira and Siqueira, 2006) . This present investigation evaluated tolerance of Rhizobium species isolated from root nodules of cowpea obtained from Akure, Nigeria to variation in temperature, pH levels, salt concentrations, heavy metals as well as antibiotic.
Materials and Methods
Three Rhizobium species isolated from the root nodules of cowpea were collected from the Department of Microbiology, Federal University of Technology, Akure, Nigeria. The isolates were maintained on Yeast Mannitol Salt Agar (YEMA) at 4 o C for temporary storage.
Effect of variation in temperature on Rhizobium spp.
In order to evaluate the tolerance of the isolates to different temperature levels, Rhizobium species were inoculated on YEMA medium and incubated at 25, 37 and 50 o C according to the method of Bhattacharya et al. (2013) .
Effect of changes in pH levels on Rhizobium spp.
Isolates were tested for their ability to grow at different pH levels of 4.0, 7.0 and 9.0. Ten ml of the broth was dispensed into the test tube, corked and sterilized at 121 o C for 15 minutes, it was allowed to cool and 1 ml of 24 hours old culture of Rhizobium was inoculated, incubated at 25 o C for 48 hours. The absorbance was read on the spectrophotomer at 420 nm (Singh et al. 2008 ).
Effect of different salt (NaCl) concentrations on Rhizobium spp.
Yeast extract mannitol broth was supplemented with varying concentrations of NaCl (0.1, 0.5, 1, 2, 4%) to assess tolerance of Rhizobium to salt (Penna et al. 2011) . A 1 ml of 24 hours old culture was then inoculate on the sterile medium and incubated at 25 o C after which the absorbance was read on the spectrophotometer (Corning Calorimeter 253) at 420 nm to determine the number of cell capable of surviving the osmotic pressure using Shoukry et al. (2013) method.
Metal tolerance of Rhizobium spp.
A 1 ml of the 24 hours old culture was inoculated on sterile yeast extract mannitol broth (YEMB) amended with vary concentration of zinc, manganese, copper and iron (0.02, 0.25, 0.50, 1.0 and 2.0%) to determine the tolerance of the isolates. The number of cell was determined on the spectrophotometer (Corning calorimeter 253) by measuring the absorbance using Zahran et al. (2012) method.
Tolerance of Rhizobium to antibiotics
Antibiotic tolerance of the isolates was analyzed aseptically using antibiotic disc containing different antibiotics on sterile Muller Hinton agar on which the isolates have been inoculated on different sets on petri dishes. The disc of the following antibiotics (μg/disc): septrin (30), chloramphenicol (30), sparfloxacin (10), ciprofloxacin (10), amoxacilin (30), augmentin (30), gentamyan (10), pefloxacin (30), tarvid (10), streptomycin (30) were used to test the ability of each isolate to resist the given antibiotic doze. The plates were incubated for at 28°C for 24 hours which the presence or absence of an inhibition zone was noted, indicating sensitivity or tolerance to the antibiotics The growth around the disc means that the isolate showed apparent resistance to the antibiotic doze using Shoukry et al. (2013) method.
Results

Effect of temperature on Rhizobium spp.
Change in temperature affected the growth of the Rhizobium spp. At 28 o C there was visible growth of the organisms, at 37 o C there was slight growth of the organism and at 50 o C incubation no growth was observed ( Table 1) .
Tolerance of Rhizobium species to pH and salt (NaCl)
There was decrease in cell numbers at pH 4 and 9. Sinorhizobium sp. showed high tolerance at pH 7 (Fig.  2) . The isolated Rhizobium species showed tolerance to low concentration of sodium chloride at 0.1% but at high concentration of 4%, there was decrease in number of cells as determined through the absorbance read from the spectrophotometer. Rhizobium sp. showed high level of tolerance at 4% compared to Mesorhizobium sp. and Sinorhizobium sp. as shown in Fig. 1 .
Tolerance of Rhizobium species to some heavy metals
All the isolates were sensitive to high concentration of zinc (2%) but low concentration of 0.02% supported their growth. There was decrease in cell number with increase in concentration as shown in Fig. 3 . Similar trends were observed for all the other metals ( Fig. 4-6 ).
Tolerance of Rhizobium species to antibiotics
Rhizobium sp. showed resistance to all the antibiotics investigated but Mesorhizobium sp. was sensitive to only to pefloxacin and sparfloxacin, while Sinorhizobium sp. was only sensitive to pefloxacin (Table 2) . A 15.00± 0.00 e 2.00± 0.00 b 10.50 ± 0.71 c 12.50 ± 0.71 d 10.00 ± 0.00 c 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a B 0.00 ± 0.00 a 3.00± 0.00 b 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a C 13.00± 0.00 c 0.00± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 10.00 ± 0.00 b 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a PEF = Pefloxacin, SXT = Septrin, CH = Chloraphenicol, SP = Sparfloxacin, CPX = Ciprofloxacin, AM = Amoxacillin, AU = Augmentin, CN = Gentamycin, OFX = Tarvid, S = Streptomycin, A = Mesorhizobium sp., B = Rhizobiumsp., C = Sinorhizobium sp.
Discussion
Growth of the isolates was recorded at 28 o C which was in line with Boboye et al. (2012) and slight growth at 37 o C but no growth were recorded at 50 o C in contrary to Singh et al. (2008) but agree with Bhattacharya et al. (2013) . It has been previously reported that temperatures above 40°C inhibit rhizobia growth (Osa-Afiana and Alexander 1982, Maâtallah et al. 2002) . There was decrease in cell number at pH 4 while the highest cell number was obtained at pH 7.0 This is contrary to Zahran et al. (2012) who were able to isolate some Rhizobiumspecies such as R. loti, R. trifolii and R. tropici which were highly acid-tolerant. Florentino et al. (2010) also observed that Bradyrhizobium species were tolerant to pH levels 4 to 9. Tolerance to different pH levels is a desirable characteristic for potentially commercial inoculants strains.
The organisms were unable to grow very well at 4% compared to 0.1% of NaCl which had the highest number of cell. The rhizobia nodulating Leucaena that grew in slightly salt-soils in Egypt were tolerant to about 4% NaCl. It has been observed by previous studies that rhizobial strains that produced more EPS were more tolerant to salinity (Eaglesham et al. 1987 , Xavier et al. 1998 , Freitas et al. 2007 , Xavier et al. 2007 ). Also, alterations in cell membrane composition and trehalose production have been reported to be adaptation processes allowing rhizobia survival under saline stress conditions (Streeter 2003 , Medeot et al. 2007 ). All isolates grew at 0.01 % of zinc, copper, manganese and iron but were unable to tolerate these metals at high concentration of 4% indicated by drastic decrease in their cell number and this in agreement with the previous study of Zahran et al. (2012) but in contrary to Vidal et al. (2009) . Cevheri et al. (2011) also observed that some of the Rhizobium species they studied showed resistance to Zn and Cu at high concentrations. A plasmid of approximately 70 kb was reported to be responsible for resistance to metal in Rhizobium isolates by Lakzian et al. (2002) .
Furthermore, all the Rhizobium species were resistant to tarvid, gentamycin, ciprofloxacin, augmentin, amoxicillin and streptomycin which agree with Shetta et al. (2011) but disagree with Bhattacharya et al. (2013) . The wide range of antibiotic tolerance partially explains the success under field conditions of the inoculant strains currently recommended (Lacerda et al. 2004 , Soares et al. 2006 , as this tolerance is a possible mechanism to overcome antagonism exerted by other organisms in the soil.
Conclusion
The isolates in this study can be assessed for their symbiotic efficiency and suitability as inoculant for cowpea in soils below temperature 50 o C and at neutral pH. Also, the resistance of the isolates to some of the antibiotics tested might make them better competitor than others in the presence of antagonistic soil microbes.
